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USBJi A

USB1.0

USB1.1

USB2.0

USB3.0

USB3.1

a] IR

{5 = MG &5

USBIE R 4t

B K AR A AR

1.5Mbps

12Mbps

480Mbps

5Gbps

10Gbps

T

{KJ# (Low-Speed)

4= 3% (Full-Speed)

151 (High-Speed)

8 = 3# (Super-Speed)

(Super-Speed+)
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PClel.x

PCle2.x

PCle3.0

= JEE{:I 5 4

PCleid F i34k,

KA IR EERfA R AR
2003 2.5GT/s 2Gbps
2007 5.0GT/s 4Gbps
2010 8.0GT/s 8Gbps

500MB/s

1GB/s
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P RSTIRC T SER
” %[ ymfwwh(f%x(n}

Transfer
Function {Y(J‘) = X(f) - H(f}}
H(f)
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Driver latch
A Receiver latch
Data Q _/\N\/_H Z,=50Q
from —D L
U
L |
Clock /

Vo~ Vb

Volts at D+, D-

Time
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Vo- -04L 6Ll
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Time, ns Time, ns

Vaiff = (VD+ + Vnoise) — (VD— + Vnoise) = UD+ — Up—
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test fixture
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——h
—dh

“HAN

Differential-Mode

TRESSH

Common-Mode

m Stimulus Stimulus
Logical Port 1 Logical Port 2 l l l l
ifferential — | Sppur Sppiz | Spbcir Spci2
Response Spp21 Spp22 | Spc2r Spc2e
Common-
v Scp1r Scpbiz | Scecir Scciz
Response | Scp21 Scp22 | Scc2ir Scc22
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ROHDE&SCHWARZ 14



AER RS =2

EENZIZHiH
M N, A DR R

ROHDE&SCHWARZ,

15



- a

}LA/E:

Ik

N RS HL P R R

o M%7 (de-embedding)

DI HRARZE (M EHIRFE)

« AR

e In-Situ De-embedding (ISD)==%5 Hi Al o0 R RN 45 2R,
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Ataitek ISD R N 5=

B “2x thru” B3 “1x open / 1x short” {E NS5,
R AMRAL R, 15 31 B 1 F 520 B

n 15D by AtaiTec (www.ataitec.com) - =

Sltocls  Plot 5 param  Plot TDR  Help

In Situ De-Embedding ‘;g_lrzlg?

Test Coupons

O None
@® 5
Insertion loss behavior

O Linear @ Nonlin

Coupling among de-embedding traces.

@ None ® Weak O Strong

DUT with Fixture
Tou tone Fi
B Type Citotal typeC_mated conn_Example 1.s8p

Port sequence
@ 1to N on left; N+1 to
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/ / .
lead-in trace test board lead-out trace

N e

2x thru for lead-ins 2x thru for lead-outs
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“1x open / 1x short

) —

| —a

AN

SN

A

o “xthru” A SCHLIE fE (ilan #23k, 18
fL), “1x open / 1x short” i] IMENZFH it H

B o

N |
- 4 pur =
_J NG|
- 7
lead-in trace test board lead-out trace
1x open 1x short 1x open 1x short
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IL (dB)

NEXT (dB)

0 5 10 15 20

Frequency (GHz)

RL (dB)

T (dB)

FEX

228k N ISD vs. TRL

" S BRI U DUT TRUKSHE 5
sk BB 24 s 2

5 10 15
Frequency (GHz)
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IL {volt)

NEXT fyol

RS RN ISD vs. TRL

TRL

Time (ns)

ISD
TRL | _]

0.05

Time {ns)

RL (volt)

Time (ns)
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75

Z (Ohm)

45

ISD/E

Total fixture (T11)
2% thru {T11)

Time (ns)

75

Z (Ohm)

Total fixture (T33)

2% thru (T33) b

45

Time (ns)

2N

ittt

ittt

>
| —a

Z (Ohm)

Total fixture (T11)

Remaoved by I1SD

Time {ns)

IR A

Total fixture (T33)

Removed by ISD
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Z (Ohm)

108

106

104

102

100

98

96

Z2 A TRLA R ZZ 0 H 5K

94
-1

Remaved by I1SD

Total fiiture (TOD11) |4

1

2 3
Time (ns)

RL (dB)

-15
-20
25 1-F4g
-30
-35

1] S

_________________________________

______________________________

_________________________________

i | —— TRL (SDD11)

i | = SD (SDD11) ||

-40
0

5 10 15
Freguency (GHz)
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USB type C =z a5 ISD vs. AFR

e IERETMEF, AFREIRZEY .

0 0
L4 SO Y SRR SO
) TR O AU SORRR
A0
Ll L REECERE Pl * k. " WL V. EEEEREERE A5 & -
- i} Z
m
/R ORISR SO = Apg =
1 i
= Y30 ST % N RSN z
] S S
: , , K1 S i i |
! ! — - —— SDD14 (afer 1SD
251 —— SDD12 (atter ISD) |-t 1 3 SO0 (eferSD) |} : _iggli@ﬁ”fﬂ 1 5 —— 5DD14 E:ﬁz[AFFi}
——SOD12 ater AFR) | | [ sonEeaR|| | , AR I [
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SHIMRAIIRLA LS

ISD

Value
(Pass/Fail)
ILfit@2.5GHz -0.4
ILfit@5.0 GHz 0.6
Lit@100GH: |08
IMR 451
IRL N23.2
INEXT -41.5
IFEXT .49'2
SCD12/5CD21 -23

AFR

Value
(Pass/Fail) Spec
ILfit@2.5GHz 04 -08
ILfit@5.0 GHz 06 -08
ILfit@10.0GHz 0.9 -1.0
IMR JAEER A -40
RL \J-20.8/ -18
INEXT 415 -44
IFEXT 493 -44
SCD12/SCD21 -23.2

—_—
N —nf

IL
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SFD Delta LFIEigenvalue Delta L

Area of Interest

1

I‘
<

1

1
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1
|
o

1

1

-

Reference Plane Reference Plane Reference Plane Reference Plane
after Calibration after Deembedding after Deembedding after Calibration
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Delta L il i 2

Eigenvalue Delta Lyt —FP 41 XTPCB, Zk45, &2 44l

B
o AfF) 3 $51 A: IL(A) --- {X1 inch + vias}
o B3I B: IL(B) --- {X2 inch + vias}

edB/inch loss=[IL(A)-IL(B)] / (X1-X2)

E |

H it
H @
H =)
- o
= 3

i}
inch - emoathe
sy o ctre
4 "“'\_\ “\..2\ inch - raw
o X1 @ ol I
A - -
o e = Baa=
\\\ A
B .\ X2 /. '\.\\
.___,_,.,/ ~— . [,

-18
11111111111
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Eigenvalue Delta L 35 #

o IR TR TR

2X Thru, L1: — 1B
2X Thru+DUT, L2: (o [ DT ]T"é";g
I'1=Ty X Tp

T1,=Ty X Tpyt X T

Tio X Tit=Ta X Tpyp X Tg x Tzt x Tt

-1
Trp X Try

:TA X TDUTXT‘Jl

B

—Plx AXP Matrix similarity: matrix A and B
have the same eigenvalues
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Eigenvalue Delta L 35 #

o ARIEFEFEHIARBUE ,

{— S21p,, = e Y27l

|

Typ X Tpy' Tput
T _ BV(LZ_LI} 0 ]
bur 0 o~V (L2—L1)
Eigenvalues of Tpyr: e Y27L1) and e*¥(l2—11) y=a+jp

normalized to the
|S21,,,] = e ®t27ld) =|g7¥(L27l) trace characteristic
impedance

- loss per inch = |S21,,,|/Alength

%i‘l‘ﬁ E&SCHWARZ:

31



AN R DT IR S R EE -1 15

FHFIFERISZ 4, MEigenvalue-Delta L Delta L 11 SED15 21|i/T
IR R, —3 Ry

|Sdd21| Sdd21 phase for DUT

(1) 2004

> 1502
-3 100*E

o -4 8 504
T .5 CE
6 ]
7 = 504
-8 -100 7
-9 T T T T 1 -150’2

0 5 10 15 20 200

Frequency (GHz) 0 5 10 15 20
-- Eigenvalue-Delta L — SFD Frequency (GHz)

- - Eigenvalue Delta_L — SFD
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ZNBEE AN [F) BRI A A 15

® | K NR&S A B & M 2% 3 BT AX ZNBAE Jifi A Hﬁlzﬁﬁﬁ{mﬁﬂ:‘*?—ﬁ_,
fam, SRk , / e
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ZNBAE A [ S 5

- & N B SEDIN 3t Y 45 BR

| ZNB-PCB-Test SW W0.53 <

d

Printed-Circuit Board Characterization
Method: |SFD

Diff Ports Save PNG Calibration Board Info

= P1&3 P2&4 = Yes Active Board SiN: 001 Layer: 10

o P1&2 P3&4 T No Add Info: Intel_NPG_board

axrhru shory v | Totaiong) |- | bur [ save || Continue | [ Report

Trc1 [EEPERN Lin Mag ! i g Trc7 [EEEEEN dB Mag
== Lin Mag EEENETTE <k Mag

Trc10 [EEREED dB Mag
Trcl1 dB Mag

0 dB-

dB:
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Measured
frequency
domain data

32k 73 A1 D) e -
K

time domain
data
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Eye Minimum
Eye Maximum
Eye Base

Eye Top

Eye Mean

Eye Amplitude

Eye Height

Eye Width

32k o3 A1 Dy e-HR &

Maximum

Minimum outputs of eye diagram processing

Maximum outputs of eye diagram processing

Average values for logical zero of eye processing Top
Average values for logical one of eye processing

(Eye Top + Eye Base)/2

Eye Top minus Eye Base Base

Measures effects of noise in reducing the vertical
eye opening

Includes the effects of jitter in reducing the

horizontal eye opening (i.e. the set Bit Period) Mini
inimum
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EE @ _‘[/&E 6-:9 Define Mask ] | E

_Polygon Setup __Mask Center
Shape Horizontal Vertical

. Auto
W A

Main Width (W1) Main Height (H1)

fens  Jsv. wt

Minor Width (W2)

ot

MP—

Width Top (Wt) Offset TDp (Ot)

Width Bottom (Wb) Offset Bottom (Ob)

Wb

Test Settings -

Fail Condition Violation Tolerance Save / Load Mask Test

Samples | = Load Mask Test... Save Mask Test...

Automatic Mask Generation

ROHDE&SCHWARZ
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32k 73 A1 D) fe-HIR

AR
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0:# Advanced Setinus | 4-:9 Define Eyeditten
_Adwanced Settings ; ___Rand:)m

. Q - o . i Std. Deviation
.Generator Emphasis i Noise ® U Equalize Active Random On ___1 ns
_User Specific U J
_Periodic

u File

Periodic Magnltude

ns

Define Colors.

Load litter...
Periodic Frequency

10 MHz
Periodic Phase

0:0 DEenne...

Gaussian Noise __ Dirac

DIIBL Delta

Dirac On
ns

Dirac Probability

@ Help ]

Close D Help

Yt INEE N RLa)
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n Mag 100 mU/ Ref 300 mU

» TG
(834N Start 99.502488 MHz r dBm Bw 10 kHz Stop 20 GHz
Start 1ns Time Domain Stop 2 ns Start 95.502488 MHz Pwr -10 dBm Bw 10 kHz Stop 20 GHz

Real 1U/Ref2U Real 1U/Ref2U Gat

(834N Start 99.502488 MHz Pwr -10 dBm Bw 10 kHz Stop 20 GHz (834N Start 99.502488 MHz Pwr -10 dBm Bw 10 kHz Stop 20 GHz
Trc1 Start -500 ps Eye Diagram ( 1002 Stop 500 ps Trcd Start Eye Diagram ( 100? Stop 500 ps
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PCB Dk Dfiljiz

rs!! Damay

L e Comnecia ez Cosie N M
; - (3 0-0-0 ﬁ £- 8- L&.
> . .8 =3 Y ‘'3 :

i~

=
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PCB Dk Dfiljiz

r. MaterialSW V2.0.0.33- [De 1 )
st e I The help is related to

| Spit Post Cielectric Resonakor

- | the used method

r ~
. Help

Paramzber Selection

[e] [pl
Lar a0} L G

corduchviby Sglik Disp.

e
NN NN NANNNN
f Start (5Hz]: F Seon [GHE):

[foriy | [cos | [ e ~ N
HaghtMUngwDrn). N m

= I Results are directly NSNSSNNSNNN
shown

tan & = 0,1567
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PCB Dk Df Z# 2 HL

Bl Extract DK, DF and Roughness - ped

Tools

Extract DK, DF and Roughness

Touchstone File (Trace only)
0 Trace :I[Il"

— D:\MPX_L7_T5 WS1_Z90_T1234.s4p_DUT.sdp
Jelta

fop Greuns ¥ Create new Touchstone file
Stripline (Three layers) ~

e i Length 2 inch
Length inch : : '
n Minimum Frequency “ GHz

Maximum Frequency “ GH

(in mil) DK & DF at 1 GHz Number of Points

[
s section
m td2 GS 3.439 [V 0.004123)
IEI

. | REVELRINE 7,840 UFE 16.98
- ' - Simulate Only
5.504 wb
Roughness (Rq)

Top ground um
Signal um

Bottom ground um
Sigma Sim

* Optimized B Fixed Rq H Auto de-skew
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Thanks for your time !

Questions?

ERIAN

Hongfei.xu@rohde-Schwarz.com

13818973523
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